Abstract Penetrating injuries to the thorax have the potential to disrupt two vital life-sustaining systems: the respiratory and the cardiovascular system. These injuries have the potential to be rapidly fatal and thus a rapid, organized, and logical approach to the evaluation and resuscitation of these patients is critical. This article briefly reviews the basic pathophysiology of penetrating chest wounds and the evaluation of both stable and unstable patients after penetrating chest injury. The recent literature is reviewed, including recent findings on screening for occult penetrating cardiac injuries, the use of needle decompression for pneumothoraces, and the expanding role of ultrasonography in the evaluation of penetrating thoracic trauma. Our goal is to review the initial management and resuscitation of patients with penetrating wounds to the thorax, with an eye toward the injuries most likely to rapidly result in death.
Introduction
While penetrating injuries to the thorax can be highly lethal, for patients who reach the hospital alive, mortality in recent military and civilian series has ranged from 8.4 to 18.0 % [1] [2] [3] [4] . Overall, injuries to the thorax account for 37 % of deaths associated with penetrating trauma [5] . It is clear that to maximize the chance for patient survival, there is little room for error in the diagnosis and management of these injuries.
Pathophysiology
Regardless of body region, penetrating injury is broadly categorized into stab wounds and ballistic injuries. Ultimately, a comparison of the bullet and knife wound management demonstrates more similarities than differences. However, there is a rationale for approaching them differently. First, gunshot wounds-especially from high-velocity weapons-are associated with more tissue injury, due to their greater kinetic injury. Second, stab wounds may be somewhat more predictable in their course and in the proximity of internal injuries to corresponding skin wounds. However, both of these differences represent potential pitfalls if they lead to underestimation of knife injury, which can be massively destructive and can occur far from the external wound.
Organs Injured
Compared to blunt trauma, penetrating trauma is far less likely to cause significant structural damage to the chest wall, with the exception of shotgun injury and some high-velocity wounds. Lethal thoracic injury typically results from lung, heart, intercostal artery, or great vessel injury. The extreme time-sensitivity of these injuries leads the paradoxical observation that in remote or poorly developed care systems where This article is part of the Topical Collection on Penetrating Injuries to the Heart and Lung.
pre-hospital times are inordinantly long, the survival rate of those who arrive alive will be unusually high, since the most fragile and severely injured patients will die en route [6] .
Imaging in Penetrating Thoracic Trauma Ultrasonography in Penetrating Thoracic Trauma
Over the past 2 decades, the Focused Assessment with Sonography in Trauma (FAST) exam has become the initial imaging test of choice in truncal trauma and is taught as a part of the Advanced Trauma Life Support (ATLS) protocol developed by the American College of Surgeons. On the basis of studies demonstrating ultrasound's superiority to supine chest radiography (CXR) for the detection of hemothorax and pneumothorax, the extended-FAST exam (e-FAST) has been developed, which adds examination of bilateral pleural spaces to the standard pericardial, peri-hepatic, peri-splenic, and pelvic views of the FAST exam. Ultrasonography as an initial test is significantly faster than CXR, taking less than 1 min in some studies [7] , and it can identify a variety of life-threatening injuries in multiple body cavities. The e-FAST literature suggests that the sensitivity of e-FAST is significantly higher than CXR for pneumothorax and rivals that of subxiphoid pericardial window for hemopericardium.
Since 2011, seven prospective evaluations [7] [8] [9] [10] [11] [12] [13] and three meta-analyses [14, 15, 16 ••] have compared the extended FAST exam (e-FAST), which includes examination of bilateral pleural spaces for pneumothorax, to CXR and CCT. In the most recent meta-analysis, e-FAST has a sensitivity of 78.6 % (95 % CI, 68.1 to 98.1) for the detection of pneumothorax, whereas supine CXR had a sensitivity of only 39.8 % (95 % CI, 29.4 to 50.3) [16••] .
Two studies have examined the value of bedside ultrasound in the diagnosis of hemopericardium. The first was a prospective, multicenter study by Rozycki et al. in 1999 , which examined 261 patients and reported a sensitivity of 100 % for ultrasound diagnosis of hemopericardium as compared to subxiphoid pericardial window (SPW) [17] . A weakness of this study was the low incidence of penetrating cardiac injury (PCI) in the study population (29 out of 261 patients). A second, prospective comparison was recently published by Nicol et al., comparing ultrasound to SPW in 172 patients with penetrating thoracic wounds, with 135 PCI amongst them [18••] . Although they found that the sensitivity of ultrasound was 87 %, which is lower than the first study, the authors identified two factors that appeared to account for the majority of the false-negative exams. In 6 of the 18 false-negative exams, pneumomediastinum or pneumopericardium was present on ultrasound which resulted in an equivocal test due to impaired visualization. Of the remaining 12 false-negatives, 11 had hemothoraces which other authors have noted can decrease the sensitivity of ultrasound for detecting hemopericardium due to decompression of the cardiac injury into the hemothorax [19, 20] . There was a single patient who had two negative ultrasound examinations, was discharged home, and returned with a symptomatic pericardial effusion.
Chest Computed Tomography in Penetrating Thoracic Trauma
Chest computed tomography (CCT) is the Bgold standard^for diagnosing hemothorax and pneumothorax, due to its ability to provide high-resolution cross-sectional imaging [16••] . In addition to providing excellent anatomic information regarding chest wall, pulmonary, and pleural space injuries, a recent study by Plurad et al. demonstrates that CCT is also highly sensitive for PCI. They examined 333 patients with penetrating thoracic injuries and found that, as with ultrasound, the finding of hemopericardium or pneumopericardium on CCT had a sensitivity of 76.9 % for PCI [21] . When they further investigated the patients with Bfalse-negative^CCT, all of them had CT findings that prompted emergent surgical exploration and prompt diagnosis of the injury, including the presence of large caked hemothorax, pneumomediastinum, mediastinal hematoma, or visible tracts in close proximity to the heart. Thus, when factoring in all of the clinically significant findings that changed management, they felt that CCT had a sensitivity of 100 % [21] .
Resuscitation, Evaluation, and Management of the Stable Patient Evaluation of the Stable Patient
In hemodynamically stable patients, the initial evaluation is focused on identification of a number of occult injuries, including cardiac laceration, hemothorax and pneumothorax, diaphragm injury, and occult abdominal injury. Ultimately, the majority of thoracic injuries can be treated with tube thoracostomy alone, but the consequences of missed injury can be dire [22] .
Identification of PCI
Significant cardiac injuries can present with stable vital signs, but delayed decompensation can be rapid and catastophic. Various authors have attempted to define a region of the thorax in which penetrating wounds should prompt a heightened level of suspicion for PCI, such as the Bcardiac silhouette^or Bprecordium,^ [23, 24] Bcardiac proximity,^ [25] Bcardiac silhouette,^Bcardiac box,^ [26] , and Bcardiac zone.^ [18••] A weakness of all of these rules is that they can lead to an inappropriately low degree of clinical suspicion for PCI. Degiannis et al. found that the mortality of extra-precordial wounds was 25 % compared to 4 % for wounds to the precordium [27] , suggesting that this bias exists and can negatively impact patient outcomes.
After completing the primary and secondary survey according to ATLS guidelines, all patients with penetrating thoracic wounds should be examined with FAST or e-FAST. In young, healthy patients, the presence of any amount of fluid within the pericardial sac should be considered a positive exam. In the event of an equivocal US, further evaluation for PCI is recommended, either with subxiphoid pericardial window (SPW) or chest computed tomography (CCT). In the event of a negative ultrasound, a CCT and/or repeat ultrasound at 24 h should be obtained if there is any hemothorax on CXR or ultrasound, and in any patient with high clinical suspicion of PCI [18••] .
A recent study from the Nicol and colleagues suggests that pneumopericardium should be managed the same as hemopericardium. Nicol and colleagues studied 21 hemodynamically stable patients pneumopericardium found on CXR, ultrasound, or CCT. All of the patients were initially observed for 24 h prior to performing a delayed SPW. During that time, two patients developed tension penumopericardium requiring emergency SPW; an additional ten patients had hemopericardium at the time of the delayed SPW, four of whom underwent sternotomy. Two sealed cardiac injuries were found, neither requiring repair. Given the 50 % coincidence of hemopericardium and the 10 % incidence of delayed tension pneumopericardium, they concluded that any patient with pneumopericardium present on CXR, CT, or ultrasound should be further evaluated with SPW [28] .
In the case of thoracoabdominal wounds, laparoscopic transdiaphragmatic pericardial window has been recently described by Smith et al. in a series of 393 patients with thoracoabdominal wounds and no indication for immediate laparotomy or sternotomy [29] . Diagnostic laparoscopy was performed, and if peritoneal violation was found, they converted to open laparotomy and pericardiotomy. In the 38 patients without peritoneal violation, laparoscopic transdiaphragmatic pericardiotomy was performed through the central tendon of the diaphragm. A negative exam was defined by visualization of clear fluid. One patient had no fluid and five had bloody fluid; in all six patients, cardiac injuries were identified, five of which required median sternotomy for repair. The diaphragmatic defect was not closed.
Indications for Sternotomy in PCI
In recent years, the question has been raised regarding whether the presence of hemopericardium after penetrating trauma mandates median sternotomy, based on the observed high rate of nontherapeutic sternotomy in hemodynamically stable patients without active bleeding at the time of SPW [30, 31] . To address this question, Nicol et al. have recently published a prospective randomized evaluation where 111 hemodynamically stable patients who had undergone SPW with no evidence of active bleeding were then randomized either undergo sternotomy or observation [32•] . They found no injuries at sternotomy that require repair, although four out of 55 patients randomized to sternotomy had full-thickness injuries to the heart that were judged to be Bcompletely sealed.^None of the patients undergoing drainage alone required subsequent sternotomy. An important caveat of this study is that they examined a highly selected group of patients at an institution that treats a high volume of PCI (111 out of 348 patients undergoing surgery for PCI during the 7.5 years of the study). This management strategy rests on the premise that Bsealedĉ ardiac injuries will never re-bleed-an assumption that will only be proven with more experience with this approach. Less experienced surgeons should exercise great caution before considering nonoperative management of a PCI. A delayed bleed from an unrepaired injury can be catastrophic.
Pneumothorax and Hemothorax
Blood or air in the pleural space may diagnosed clinically or using imaging. The noise and distraction of a trauma resuscitation often make a nuanced chest exam difficult. In a stable, well-oxygenated patient, it is usually safe to wait for imaging confirmation before placement of a chest tube if only subtle abnormalities are present. As discussed above, ultrasound has sensitivity in detection of pneumothorax that exceeds supine CXR. Nonetheless, CCT is the gold standard, detecting even tiny air or blood collections not seen on CXR. If a hemothorax is identified, management with tube thoracostomy drainage will be sufficient in 96 % of patients without cardiac injury [33] . Traditionally, a 36-40 Fr tube has been inserted; however, recent evidence suggests that smaller tubes of 28-32 Fr may be equally effective at evacuating the blood [34] . More recently, a small randomized trial compared 14 Fr percutaneous pigtail catheter drainage to 28 Fr traditional chest tubes for traumatic pneumothorax; there were no differences in the rate of successful evacuation, duration of drainage, or complications; however, the pigtail catheters were associated with significantly less pain than the traditional tubes [35••] .
Over the years, several studies have questioned whether pneumothorax seen on CCT but not on CXR needs treatment. Occult pneumothoraces are identified on CCT in 5-15 % of patients [36] . A recent meta-analysis of the three available randomized trials of observation versus drainage of Boccult pneumothorax^identified on CCT showed no difference between drainage and observation with regard to progression of the pneumothorax, the risk of pneumonia, or the length of stay in the hospital or ICU [37] . A caveat of this analysis is that the included studies primarily examined blunt trauma patients. A recent study by Ball and colleagues of patients specifically looked at occult pneumothoraces in patients with penetrating thoracic injuries. They found the incidence of occult pneumothorax to be 17 %, with only 56 % of the occult pneumothoraces requiring chest tube drainage, compared to 95 % of the overt pneumothoraces [38] . Thus, it appears that a trial observation is safe with asymptomatic occult pneumothoraces, even in penetrating trauma.
Patients with so-called Basymptomatic^penetrating chest injuries, where there is no evidence of intrathoracic on their initial workup, have posed a quandry in the past. Out of concern for possible delayed presentation of a hemothorax or pneumothorax, the traditional approach has been to observe these patients and obtain repeat chest radiographs after 3-6 h [39] .
Resuscitation of the Unstable or Severely Injured Patient
Severely injured patients with penetrating chest trauma will generally present in one of two ways:
1. Profound hypotension due to: a. Tension pneumothorax or cardiac tamponade (obstructive shock) b. Exsanguination from great vessel injury, cardiac laceration, or intercostal artery laceration (hemorrhagic shock) c. Arrhythmia or heart failure from blunt cardiac injury or coronary artery laceration (cardiogenic shock) 2. Profound hypoxia due to: a. Major airway disruption (tracheobronchial injury) b. Loss of functional alveoli due to extrinsic compression or intrapulmonary hemorrhage (pulmonary injury) c. Disturbance of normal respiratory dynamics (chest wall injury)
Patients presenting in extremis or cardiac arrest after injury may be candidates for emergency department thoracotomy, depending on anatomic injury site, duration of pulselessness, cardiac rhythm, and ultrasound findings [41] . The absence of cardiac activity on ultrasonography has been shown to be a grave prognostic indicator in patients presenting with cardiac arrest [42, 43] . Ferrada and colleagues have shown that the use of ultrasonography in the evaluation of patients in traumatic cardiac arrest is associated with a decrease in nontherapeutic thoracotomy [44•] .
Shock after penetrating thoracic injury is typically due to bleeding, tension pneumothorax, or pericardial tamponade. A small subset of patients may have neurogenic shock related to spinal injury, but it is dangerous to assume this as the etiology of shock until other sources have been ruled out.
Tamponade can be diagnosed clinically, but the accuracy of bedside exam in this setting is variable. Beck's Triad, consisting of profound hypotension, elevated central venous pressure (or jugular venous distention), and muffled heart sounds, has a sensitivity that is excellent in some studies [45] and poor in others [46] . Tension pneumothorax can also present similarly, except with decreased breath sounds and tracheal deviation on exam. In the often noisy environment of the trauma bay, the detection of muffled heart sounds or decreased breath sounds can be challenging, especially in the setting of bilateral tension pneumothorax. As discussed earlier, E-FAST allows for rapid, accurate detection of hemothoraces, pneumothoraces, and hemopericardium and thus should immediately follow the primary survey. Intravenous access and fluid resuscitation can be initiated by another member of the team in parallel with this survey.
In the secondary survey, care should be taken to note all sites of penetration with the patient fully exposed, while another member of the team obtains a history, if able. Although this article focuses on penetrating thoracic injuries, patients can often have multiple wounds or mechanisms that can cause both blunt and penetrating injury. When forced to prioritize interventions for multiple injuries, it is helpful to keep in mind Bwhat will kill the patient first?Ô
perative Indications in the Hypotensive Patient Tension Pneumothorax
Needle thoracostomy with an angiocath in second intercostal space (ICS) at the midclavicular line (MCL) has long been taught as a component of ATLS for relief of tension pneumothorax. This can be used as an initial temporizing measure, particularly in the pre-hospital setting; however, several reports have raised significant concerns regarding the effectiveness of needle decompression at relieving tension physiology. In the trauma bay, insertion of a chest tube is the definitive approach and can be performed nearly as expeditiously.
Several recent studies have questioned the appropriate site and device for emergent decomptression of tension pneumothorax. Cadaver [47] , animal [48] [49] [50] , and clinical [51] [52] [53] [54] studies have suggested that use of a small (3.2 cm) needle in the standard site (second intercostal space, midclavicular line) is not reliable, likely due to the thickness of the chest wall at this site and the small size of the needle or catheter. Even when proper placement is confirmed laparoscopically in animal models, Martin and colleagues showed that a 14-gauge angiocatheter fails to relieve tension physiology 64 % of the time [48] . The fourth or fifth intercostal space at the anterior axillary line is consistently thinner than the traditional site in multiple radiographic studies [52] [53] [54] , which suggests that it may be a superior site for needle thoracostomy. Additionally, two groups have recently suggested borrowing techniques from laparoscopic abdominal surgery to avoid visceral injury as well as any problems with catheter kinking; Hatch and colleagues used 5-mm blunt laparoscopic trocars [49] , while Lubin et al. suggest the use of a Veress needle with similar effect [50] .
Cardiac Tamponade
Although cardiac tamponade is rapidly fatal when left untreated, prompt recognition and treatment can be lifesaving. In fact, in patients with stab wounds that present with cardiac tamponade, survival can be as high as 92 % [27] . If tamponade is suspected, emergent surgical intervention is needed. In a spontaneously breathing patient with tamponade, intubation should be avoided until drainage is imminent, as positive pressure ventilation can further impair venous return and provoke cardiac arrest [55] .
Pericardiocentesis is still taught in ATLS as a temporizing measure in situations where there may be a delay in definitive surgical care. Nonetheless, it appears to have fallen out of favor in recent years. Lee et al. recently published a meta-analysis showing that the use of pericardiocentesis in patients with suspected cardiac tamponade has decreased between 2000 and 2010, from 45.9 to 6.4 % [56] . Intriguingly, Jones and colleagues have just reported a case series that raises the question of whether this procedure is underutilized. They looked retrospectively at a group of patients with tamponade who did or did not undergo ultrasound-guided percutaneous pericardial drain placement in the trauma bay prior to definitive surgical care. Insertion of the drain was not associated with any delay operative care, and in 59 % of the patients, hypotension improved after drainage [57••] . While their study was underpowered to show a difference in mortality, there was a trend toward improved survival in the patients who underwent drain placement, which suggests an area for further research.
Hemorrhagic Shock
The indications for surgical management of noncardiac chest trauma have not changed in some time. While various volume cutoffs for chest tube drainage have been proposed, numbers are no substitute for sound clinical judgement. In hemodynamically unstable patients or those with evidence of massive hemorrhage (immediate drainage of 1000-1500 mL of blood through the tube, or large residual hemothorax on post-tube CXR), thoracotomy is indicated. Autotransfusion of blood drained by thoracostomy is practiced variably in a number of centers. This practice has been studied in the setting of postoperative cardiac surgery patients since the 1970s as a means to possibly limit allogenic blood transfusion by reinfusion of shed mediastinal blood. There has been renewed interest in autotransfusion in trauma based on recent military experience suggesting a survival benefit to the transfusion of fresh whole blood [58] [59] [60] . Autotransfused blood has been shown to be safe, even in the presence of hollow viscus injury [61] . However, questions remain regarding the effectiveness of this practice at decreasing the need allogenic transfusion as well as the safety of autotransfusion of salvaged blood relative to allogenic transfusion of donor blood, particularly when directly reinfused without washing using a cellsaver device.
In trauma patients with hemothoraces, Salhanick et al. have shown that evacuated hemothorax differs significantly from whole blood; it is completely defibrinated, with high levels of fibrin degredation products, as well as decreased levels of coagulation factors, platelets, and red blood cells relative to venous blood [62] . In their study, it took 726 ml of evacuated hemothorax to approximate the red cell content of 1 U of packed red blood cells. Based on this finding, it appears likely that autotransfusion is clinically irrelevant in patients with less than 750-1000 ml of drainage, particularly if washing is performed prior to reinfusion.
Due to the lack of fibrinogen in evacuated hemothorax, it does not form clot in traditional coagulation assays such as the prothrombin time or partial thromboplastin time [62] . However, Smith and colleagues published the interesting observation that, when mixed with normal pooled plasma, the evacuated hemothorax fluid paradoxically induces a hypercoagulable state [63] ; this was attributed to the presence of activated clotting factors within the hemothorax fluid. When the same group repeated this experiment using the patient's own plasma, the degree of induced hypercoagulability was even more pronounced [64] .
Despite this hypercoagulopathy on traditional clotting assays, Konig and associates have shown that, on thromboelastography (TEG), salvaged blood actually induces a mixed state of factor hypercoagulability and platelet hypocoagulability when combined with the patient's own blood [65] , with a 61 % decrease in R-time and a 26 % decrease in MA [65] . The platelet inhibition was attributed to competitive inhibition of platelet aggregation due to the high levels of fibrin degredation products in the salvaged blood. Unsurprisingly, both of these effects were reduced when the salvaged blood was washed first [65] .
The relevance of these in vitro clotting abnormalities to the realm of patient care is unclear, as no existing studies have shown any clear benefit or harm to the practice of autotransfusion in trauma. While the above coagulation studies are intriguing, any theoretical risk also needs to be balanced against the real risks of autologous blood transfusion.
Cardiogenic Shock
Only rarely will patients with penetrating chest trauma present with life-threatening arrhythmias secondary to a cardiac contusion. Nonetheless, blunt cardiac injury (BCI) after penetrating injuries to the chest has been described, particularly with high-velocity gunshot wounds [66] . This is possible due to the large amount of energy transferred into the tissues surrounding the bullet tract. Isolated injuries to the coronary arteries leading to acute myocardial infarction (AMI) without cardiac perforation or tamponade have also been reported [67, 68] . The evaluation and management of BCI have been recently reviewed in depth [69] .
Operative Indications in the Hypoxic Patient
Many patients with profound hypoxia after penetrating chest trauma will require an airway; most will require tube thoracostomy [70] . Profound hypoxia immediately after penetrating chest trauma is most frequently due to pneumothorax or hemothorax, for which closed tube thoracostomy is lifesaving. Following chest tube insertion, a large or continuous air leak is suggestive of tracheobronchial injury. This is rare injury, occurring in only 1-2 % of patients with penetrating thoracic injuries [71] . In addition, due to the proximity of the trachea and bronchi to other mediastinal structures, tracheobronchial injuries after penetrating chest trauma have a high incidence of associated injuries to the esophagus, spinal cord, heart, and great vessels. These associated injuries are frequently fatal (i.e., exsanguination from great vessel or cardiac injury) and often determine the ultimate outcome after injury.
In general, tracheobronchial injuries mandate early thoracotomy for repair due to inability to adequately ventilate the patient. Two recent case series have shown that selective conservative management of traumatic tracheobronchial injuries is possible with comparable outcomes to surgical repair [72, 73] . Patients amenable to conservative management include those with stable vital signs, effective ventilation if intubated or absence of respiratory distress if breathing spontaneously, nonprogressive mediastinal and/or subcutaneous emphysema, and absence of associated esophageal or major vascular injury. In these patients, management includes chest tube drainage, prophylactic antibiotics, and observation. Efforts should be made to characterize the nature of the injury using rigid or flexible bronchoscopy, prior to committing to a course conservative management, as large communication with the mediastinum may place the patient at risk for mediastinitis and should be considered an indication for surgical repair [73] ; some authors are using CT virtual bronchoscopy for this purpose [72] .
Traditionally, open pneumothorax was managed with application of a three-sided occlusive dressing that functioned as a flutter valve to vent any ongoing air leakage [74] . This is still taught in ATLS and until recently was recommended by the US Military Trauma Combat Casualty Care (TCCC) course [75] . There is little evidence of the effectiveness of these improvised dressings, and in recent years, numerous commercially available vented chest seals have been developed (Bolin, Asherman, HyFin, Russell, SAM, Sentinel), all of which incorporate some form of one-way valve to prevent development of tension pneumothorax. Several recent studies, including one from the US Army Institute of Surgical Research (USAISR), have demonstrated the effectiveness of vented chest seals at preventing the development of tension pneumothorax in animal models [76] [77] [78] . As such, recently published guidelines have endorsed the effectiveness of these products [74, 75, 79] . While these devices are an effective temporizing measure in the prehospital setting, such patients will ultimately require tube thoracostomy and reconstruction of the defect in the operating room.
Once the patient is intubated, if there is ongoing massive hemorrhage into the tracheobronchial tree, it is important to keep in mind that the immediate threat to life in this situation is typically due to asphyxia, not exsanguination. In these cases, emergency department or operating room thoracotomy will allow for pulmonary hilar cross-clamping to protect against further hemorrhage into the airway and prevent air embolism [80] . Direct surgical management of the pulmonary injury can then be undertaken.
The Challenge of Thoracoabdominal Wounds
Multiple authors have noted that incorrect sequencing in patients requiring dual-cavitary interventions is associated with large increases in mortality [81] [82] [83] ; however, in most of these cases, death results from delayed recognition of a cardiac injury [81] . It is important to seek out evidence of PCI early. With thoracoabdominal wounds, it is easy to be mislead by chest tube output, either due to intraabdominal bleeding exiting the tube via a diaphragmatic defect or due to chest tubes clotting, thus concealing evidence of ongoing thoracic hemorrhage. In an older study, misleading chest tube output was found to be a frequent contributor to incorrect sequencing [82] . In the unstable patient with a thoracoabdominal wound, the determination of which cavity to explore first depends on the relative evidence of injury within the pericardium, thoracic cavity, and abdomen. When cardiac injury is present, most surgeons start with pericardial exploration. In the absence of cardiac injury, the choice between chest and abdomen is based on clinical exam and ultrasound findings. However, picking the initial site is less important than a rapid and flexible approach, wherein the first cavity is quickly evaluated and-if no source of massive hemorrhage is found-abandoned quickly in favor of exploration of the other cavity.
Conclusions
With penetrating injuries to the thorax, more than 85 % of patients who present to the hospital alive can be successfully treated with attention to the ABCs of trauma care and tube thoracostomy when needed to evacuate hemothorax or pneumothorax. Nonetheless, injuries to the heart and lung have the potential to rapidly result in patient demise if not promptly recognized and treated appropriately. Ultrasonography is playing an increasing role in the evaluation of patients after thoracic injury to improve recognition of both pneumothorax and penetrating cardiac injuries.
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